Abstract: The purpose of this study was to examine the correlation of medical incidents and errors among nurses with factors describing their lifestyle, health, and work environment. We analyzed questionnaires completed by 6,445 female hospital nurses engaged in shift work in Japanese hospitals with general wards of more than 200 beds. Logistic regression analysis indicated that the risk for medical incidents/errors was predicted by being under treatment, absence due to sickness in the past 6 months, workplace, break times during night shift, bodily pain, and role (emotional). These results indicate that to prevent the occurrence of medical incidents/errors, it is necessary to regard current/recent illness, bodily pain, and role (emotional) as a nurse's personal problems and break times during the night shift and workplace as administrative problems.
Introduction
A number of recent studies have estimated that, in the United States alone, tens of thousands of patients die each year as a result of accidents in medical settings [1] [2] [3] [4] . Factors contributing to such incidents include the characteristics of individual medical personnel, the patients, and the overall medical system [5] [6] [7] [8] [9] . Increasing numbers of medical facilities have begun to reevaluate their systems in order to address these issues and reduce the number of medical incidents 10) .
It is crucial to examine the personal and professional characteristics of nurses, since they form the majority of medical personnel in hospitals and are responsible for providing medical care to patients. Shift scheduling, in particular, appears to have a heavy influence on the performance of nurses. Previous research has shown that medical staffs are more likely to make errors when their work time is extended by 24 h, is irregular, or consists of night shifts 11, 12) . Nurses working on night shifts tend to experience more frequent and severe disruptions of their sleep, whereas nurses working on rotating shifts are more likely to fall asleep while driving to/from work and have to the highest rate of sleep-related errors and incidents 14) . While daytime sleepiness significantly predicts the number of mistakes made by nurses 13) , other factors such as mental health and age can also influence error rates 12) .
It is important to note that not all errors result in accidents, since a multitude of preventive measures are in place at every level of the health care system 15) ; nevertheless, it is inevitable that some errors will be made. Errors made by hospital nurses include mistakes stem-ming directly from errors in judgment and errors caused by the influence of their working environment. Thus, to be able to create an environment that reduces errors and ensures improved safety in medical institutions, it is necessary to examine the factors associated with the nurses themselves and their work environment. For this purpose, a large-scale study is needed to evaluate comprehensively the various factors related to shift work by using systematic sampling in accordance with specified standards. Further, there are more reported cases of medical errors than of accidents in general 16, 17) ; thus, to evaluate the number of total mistakes that occur in hospitals, it is important to document events in both of these categories.
We examined the correlations of shift work, health, and lifestyle of nurses with reports of medical errors and incidents. Data were collected via a questionnairebased survey distributed among nurses working in the Kanto region of Japan.
Subjects and Methods

Subjects
We requested the participation of 99 hospitals, all with general wards of at least 200 beds, in the Kanto region (Tokyo, Saitama, Chiba, Kanagawa, and Gunma prefectures), Japan. The heads of the nursing divisions of 93 of these hospitals agreed to participate in this investigation. In July 2005, 10,600 self-administered questionnaires were mailed to the 99 participating hospitals with instructions to return the completed forms anonymously to a collection box provided in each hospital. By the end of the study in August 2005, 8,328 questionnaires (a retrieval rate of 78.6%) had been received. Completed questionnaires were excluded from the analysis if the nurses did not work on night shifts or reported their official positions to be other than regular nurses (e.g., midwives, public health nurses, and practical nurses); further, nurses who had worked for less than 6 months were also excluded. With these excluded questionnaires, the final sample consisted of surveys from 6,445 nurses.
Questionnaires
The questionnaires were designed to assess the number of medical incidents and errors that had occurred during the previous 6 months as well as to collect information about the nurses' work environments, general health, and lifestyles. Defining errors and incidents. "Incidents" were defined as cases in which treatment was not affected because the errors had been detected in a timely manner and/or where corrective measures had been taken. "Errors" were defined as non-negligent events or events without adverse side effects 8) . Demographic data. The nurses were asked to provide the following demographic data: age, marital status, number of children, and busyness in their general daily life. Busyness was determined using the Visual Analogue Scale (VAS), where higher scores indicate busier daily schedules. Health. To evaluate the general health of the nurses, information on the following variables was extracted from the questionnaires: weight, height, whether they were receiving treatment due to sickness, whether they were absent due to sickness during the past 6 months (yes or no), alcohol intake (none, seldom, everyday, or within 5 working days), smoking status (yes or no), number of meals per day, diet (balanced or not), and menstrual cycle (regular or irregular). Sleep health. The sleep habits of the 6,445 nurses were evaluated using the following characteristics: satisfaction with sleeping hours, limitations to daily activities due to sleep deprivation, and the use of sleeping pills. The first two variables were ranked using a VAS, where higher scores indicate higher satisfaction and greater limitation, respectively. Quality of life. Health related quality of life (QOL) was evaluated using the Medical Outcome Study 36-Item Health Survey (SF-36) 19 ) that consists of 36 questions across 8 categories: physical functioning, role (physical), role (emotional), social functioning, mental health, bodily pain, general health perception, and vitality. Each category is evaluated on a scale from 0 (very bad) to 100 (very good). SF-36 has been reported to be a highly reliable scale for the comprehensive evaluation of an individual's health status 20, 21) . Work environment. The work environment was evaluated on the basis of the following variables: heaviness of workload during night shifts (using a VAS, where higher scores indicate increased workload), normal hours of work during a night shift, frequency of breaks during a night shift, number of persons working together on a night shift, most number of night shifts per month, stress due to night shifts (using a VAS, where higher scores indicate more stress), type of night shift (where two-shifts was defined as day 08:00-20:30 plus night 19:00-9:30 shifts and three-shifts was defined as day 08:30-17:00 plus evening 16:30-01:00 plus night 0:30-9:00 shifts), frequency of no overtime hours of work during the night shift (all the time, most of the time, or overworked), years of experience as a nurse and of working on night shifts, and workplace (ward or outpatient department).
Analysis
The χ 2 test was used for the categorical comparison of the data, and t test was used to evaluate differences in the means of the continuous variables. To demonstrate statistical significance among the parameters and medical errors or incidents, a criterion of p<0.20 was adopted for univariate analysis. We adopted this reduced level of significance because there would have been a risk of overlapping of important factors if the level of significance had been limited to p<0.05. Logistic regression analysis was performed to determine the correlation between medical errors or incidents and the correlates 22) , a criterion of p<0.05 was considered to indicate statistical significance, and all the tests were two-tailed. All statistical analyses were performed on a personal computer using the statistical package SPSS for Windows (Version 14.0 SPSS).
Ethical considerations
This study was conducted with the approval of the Ethics Committee of Tokyo Medical and Dental University. All subjects were informed about the objectives and methods of the study, protection from discrimination, privacy, anonymity, and confidentiality. Each subject consented to participate in the survey by signing and returning the consent form attached to the questionnaire.
Results
General overview of the study subjects
Of the 6,445 nurses who were selected as the subjects in this study, 5,112 (79.3%) reported that they had made medical errors or experienced medical incidents, while 980 (15.2%) had not; the remaining 413 (6.4%) subjects did not respond to this question. Tables 1 and  2 show the backgrounds of the subjects. The age of the nurses was 31.2 ± 8.2 yr (mean ± SD), and their length of nursing experience was 8.9 ± 7.1 yr (mean ± SD). Among the subjects, 3,013 (46.7%) worked on a twoshift system, while 3,136 (48.7%) nurses worked on a three-shift system. Table 2 provides an overview of the classification, characteristics, days of admittance, number of general beds, number of full-time nursing staff in the general ward, number of general wards, designated working hours of full-time nursing staff, working hours per week of full-time nursing staff, night shift system, working hours on night shifts, and the degree of satisfaction of the nursing division directors regarding the current night shift environment in the 93 hospitals to which our study subjects were affiliated.
The results of the bivariate analysis
The comparison of those who did or did not experience medical incidents/errors is summarized in Table 3 . These two groups show differences in marital status, number of children, age, workplace, frequency of no overtime hours during the night shift, experience as a nurse, heaviness of workload during night shifts, number of persons working together on a night shift, most number of night shifts per month, stress due to night shifts, satisfaction with sleeping hours, limits to daily life due to sleep deprivation, being under treatment, absence due to sickness during the past 6 months, role (physical), role (emotional), social functioning, mental status, bodily pain, general health perceptions, and vitality.
The results of the logistic regression analysis
The logistic regression analysis indicated that the following variables best predicted the occurrence of medical incidents/errors: increase in break time during night shifts, treatment for illness, absence due to sickness in the previous 6 months, working in wards, role (emotional), and bodily pain (Table 4 ).
Discussion
We found that being under treatment, absence due to sickness in the past 6 months, workplace, break times during night shift, bodily pain, and role (emotional) were correlated with the occurrence of medical errors and incidents among female hospital nurses.
Logistic regression analysis indicated that nurses who were being under treatment experienced 1.20 times more medical incidents/errors than healthy nurses, and nurses reporting an absence due to sickness during in the past 6 months experienced 1.50 times more medical incidents/errors than healthy nurses. This suggests that it is important to devise a work environment that minimizes the occurrence of health-related issues. For those who do become ill, it may be necessary to consider temporary transfers to sections of the clinic/hospital where there is a lower risk of causing medical accidents, e.g., the outpatient department.
The results show that the occurrence of incidents/ errors slightly increases when the break times during night shifts increases by 1 min (odds ratio: 1.00); however, Kaneko et al. 23) suggested that errors or near misses occur 0.98 times more frequently when the break times for a service increases by 1 min. It can be inferred that this difference is derived from the difference in the study methods: the present study focused only on the break times during night shifts, while Kaneko et al. focused on the break times per service.
Industrial Health 2011, 49, 381-388 Nurses who work in outpatient departments experience incidents/make errors 0.56 times more frequently than those who work in wards. According to the 2010 annual report of the "Project to collect medical nearmiss/adverse events information" 24) , incidents most frequently occurred when medical treatment was provided, while errors occurred most frequently during medication-related tasks. It can be inferred that the odds ratio of the nurses working in wards was higher than that of nurses who work in outpatient departments because the former have to conduct medical treatment and medication-related tasks more frequently than the latter. According to the 14th Summary and Analysis Results conducted by the Project for Summary, Analysis, and Sharing Medical Incidents/Errors Cases 25) , there were 42,869 medical incidents/errors cases during the threemonth long investigation period. Of these, 23,868 (55.7%) cases occurred in patients' rooms and 4,534 (10.6%) occurred in nurses' stations. However, because of the number of nurses working in wards, we need to compare those working in wards with those working in outpatient sections on a per nurse and per working hour basis. Those data are not available in this survey.
Moreover, the results show that the odds ratio slightly decreases when bodily pain and role (emotional) scores increase. The increase in the bodily pain score indi- cates that bodily pain does not prevent the performance of a nurse's routine. Consequently, it can be expected that the occurrence of incidents/errors slightly decreases when there is no bodily pain. The increase in the role (emotional) score indicates that there are no emotional problems experienced while on duty or during usual activities; therefore, it can be expected that the occurrence of incidents/errors slightly decreases when there are no emotional problems. This result supports the study by Kaneko et al. that suggested that nurses with high emotional stress make errors or near misses 4.65 times more frequently than those with low emotional stress, and nurses with high bodily stress make errors or near misses 2.28 times more frequently than those with low bodily stress. Therefore, we conclude that nurses' emotional and physical problems affect the occurrence of incidents/errors. It is important to note some limitations of this study. First, 6.4% of the surveyed nurses did not respond to the question about medical incidents/errors. Even among those who did respond, the answers may have been affected by a desire to provide a socially desirable response or to avoid punishment. Thus, our survey may not include data related to potentially serious medical errors. If possible, this issue should be addressed in the future. Additionally, the medical accidents documented in this study were not validated by direct observation. We sought to minimize this concern by including only medical incidents or errors accompanied by collaborating information; we believe it is unlikely that the nurses would fabricate reports; nevertheless, it remains possible that there has been significant under-or over-reporting of medical errors or incidents. Second, the nurses who participated in this study reflect only a small proportion of the total population of Japanese nurses. It is possible that nurses from other types of facilities in other regions may have responded differently; additionally, the volunteer nurses may have been more interested in these issues or were predisposed to being affected by particular work styles, thereby potentially biasing the results. 
Conclusions
The frequency of medical incidents/errors was correlated with current/recent illness, break times during night shift, workplace, bodily pain, and role (emotional). These results indicate that to prevent the occurrence of medical incidents/errors, it is necessary to regard current/recent illness, bodily pain, and role (emotional) as a nurse's personal problems and break times during the night shift and workplace as administrative problems.
